Introduction
The main task of railway transport is timely meeting the needs of country's economy in transportation. In spite of the fact that recent years have seen a sharp decrease in the volume of transportation work, railway transport has retained its leading position in the overall transportation balance of freight traffic in Ukraine. Under current unstable and hardto-predict economic, political and social conditions, railway transportation is the kind of transport that is in constant operation and is attractive to most cargo owners [1] .
However, increased competition between the types of transport as well as wear and tear of fixed assets of railway tioning of transport and to maximize profits. At present, the problem of predicting is an important and integral part in the daily operations of many companies. The rational planning of railway transport operations is significantly affected by predictive values of transportation.
CONTROL PROCESSES

IMPROVEMENT OF TECHNOLOGY FOR MANAGEMENT OF FREIGHT ROLLING STOCK ON RAILWAY TRANSPORT T . B u t k o
The problem of development of the system of predicting the volumes of freight traffic under modern conditions has become especially relevant. Analysis and forecasting of the volumes of cargo transportation is the most essential tool for developing effective management decisions regarding the formation of a tariff strategy. In addition, it will contribute to choosing the optimal strategy for the development of this sector of industry, to determining necessary technical equipment of railways, to planning the needs for material, labor and financial resources. These steps should have a positive impact on attracting clients to railway transport.
Predicting the volumes of transportation by railway transport is not sufficiently tackled yet. Modern conditions of functioning of transport require increasing the area of prediction and improving the procedures and methods for developing forecasts.
A model of prediction should provide flexible adaptation of indicators on operational activity to fluctuations in demand. This, in turn, would reduce economic losses of railway transport and increase profits. Especially important is the accuracy of results of the prediction under conditions of the implemented structural reform of the sector.
Literature review and problem statement
Theoretical and methodological bases for the present research are the scientific works of scientists in the field of planning and forecasting of different spheres of activity. Article [2] highlighted the need for predicting future volumes of transportations by rail when forming the level of tariff for freight traffic. Paper [3] argues that the task of predicting future values of the time series is the basis for financial planning in the economy. Based on historical values of the time series, planning of the work of an enterprise is executed, as well as management and optimization of production volumes and warehouse control. Empirical results [4] confirm that the artificial neural network is an effective tool for forecasting currency exchange rate. This procedure provides evidence that there is a possibility to derive hidden information for reliable forecast of the future.
Forecasting the transportation of raw materials and finished goods is required to improve the accuracy of assessment of the throughput of rail networks [5] . The authors employ simulation modeling of the primary and secondary delays in the train traffic over particular section. Choosing the variants of forecasting using a non-linear function of the trend to determine the projected operational turnover for the next period is proposed in [6] . This will make it possible to plan in advance optimal routes of delivery of cargoes and help managers of transport enterprises to improve management system of the transportation process. Authors of article [7] propose a simple approach to the prediction of one-dimensional time series, which combines advice from several generalized regression neural networks. The proposed algorithm looks more powerful than the existing ones.
A decision-making process when planning the required amount of rolling stock is considered to be one of the most problematic issues for transport industry. Paper [8] developed a new approach to determining the size of the fleet in air transportation using the Monte Carlo modeling method. By using this method, an airline gains maximal profits. Such decision-making procedure could be applied for railway transportation to detect the required number of wagons for freight traffic, which is predicted.
To plan the work of freight transportation, [9] proposes an algorithm of fuzzy regression with accurate prediction and adaptability of the system to actual situation. The authors also developed a neural network with the inverse error spread in order to predict the cost of freight transportation. The authors argue that the algorithm of fuzzy regression is more effective than the neural network at large-scale planning and forecasting. In this case, article [10] states that to achieve accurate long-term forecast, it is better to employ a neural network model. Such model yields more accurate results of forecasting than the approaches based on the theory of chaos.
Prediction of flows is an essential component of transportation systems. Making unjustified decisions when transporting the goods leads to the growth of financial costs of the railway industry. Management of transportations must provide making and implementing only optimal decisions, which can comprehensively evaluate performance indicators of transportation vehicles for different variants of transportation [11] . Article [12] indicated that genetic algorithms demonstrate not only high accuracy of calculations but rather provide the possibility of taking into account the constraints on throughput and processing capacity of facilities in the railway infrastructure. Applying this method will make it possible to solve the task of calculation of train formation plans for the entire polygon of railways in Ukraine based on previous data on the volumes of cargo transportations.
The experiment performed in [13] demonstrated high accuracy of prediction at short-term forecasting of passenger traffic. The result of prediction can be used for planning cargo operations and for managing revenues of the industry. To model freight transportation, paper [14] describes an approach using artificial neural networks and a neuro-fuzzy output system. Such approach combines the ability to train artificial neural networks and a transparent character of fuzzy logic. The model turns out to be highly adaptive and effective when exploring nonlinear interconnections between different variables. By using information about cargo flows, this approach may be applied on the Ukrainian railways.
For the reliable prediction of the volumes of freight traffic on the railways of Ukraine and the possibility of deriving hidden information when planning railway wagon flows, the present work considered the aforementioned existing experience in forecasting both on transport and in other areas.
The aim and objectives of the study
The goal of the present study is to improve a management technology over rolling stock based on the predictive values of volumes of cargo transportations by railway transport.
To accomplish the set goal, the following tasks had to be solved:
-to run a statistical analysis of time series of the volumes of freight traffic by railways of Ukraine;
-to develop a model for predicting the volumes of cargo transportation and verify results of the prediction by accuracy;
where x i , w i are, accordingly, the forces at inputs to neurons and the magnitudes of synaptic bonds; w 0 is the coefficient of displacement of a neuron (weight of additional input); U is the induced local field; f(u) is the transfer function or a function of activation. Additional input and its appropriate weight is used to initialize the neuron. Initialization implies a shift of the activation function of neuron along the horizontal axis, that is, the formation of a neuron sensitivity threshold. In addition, sometimes the output of a neuron is specifically assigned with some random value called a shift. The shift can be considered to be a signal on the additional, always loaded, synapse.
The type of neuron connection determines the architecture of a neural network. According to article [19] , depending on the type of neuron connection, networks are divided into:
-networks of direct distribution; -recurrent neural networks; -radial basis functions; -self-organising maps or Kohonen networks. The architecture of multilayer neural networks is used now probably most often. Usually, a network consists of multitude of sensor elements (input nodes) that form the input layer, one or more hidden layers of computing neurons and one output layer of neurons.
A multi-layer neural network can model function of almost any degree of complexity, and the number of layers and the quantity of elements in each layer determine complexity of a function. Determining the number of intermediate layers and the quantity of elements in them is an important issue during construction.
Neural networks are especially efficient for systems that possess a high degree of non-linearity. In order to evaluate the ability of a neural network to effectively predict the volumes of cargo transportation by railway transport, first of all, it is necessary to analyze previous statistical data on freight traffic.
The prediction was realized using the Rumelhart fully connected multilayer perceptron (MLP) with direct distribution, architecture 12-96-1. The signals are distributed in one direction, from the input layer of neurons, through the hidden layers to the output layer, and at the output neurons we receive a signal processing result.
The activation function of the input layer is identical, that is, the input signals are not converted but are passed on to the next layer. The given network, in contrast to its predecessor, Rosenblatt perceptron, employs nonlinear functions of activation, namely sigmoid. It allows strengthening weak signals and prevents oversaturation with powerful signals. Such a nonlinear activation function solves the dilemma of noise saturation. In the hidden layer, logistic function is applied (4), and at the output -hyperbolic tangent (5). 
At the output of a neuron we receive predictive values of the volumes of freight traffic by railway.
Results of modeling and assessment of the accuracy of prediction
We used statistical observations [17] of the volumes of transportation of grain and the products of flour mills from 2002 through 2016 as the input data. The training sample composed of 90 % of the values, the control -10 %. We employed actual data on freight traffic over 8 months of 2016 as a test sample for cross-checking. Results of prediction are shown in Fig. 3 .
Fig. 3. Comparison of prediction range to actial values
A diagram of distribution of residuals (Fig. 4) can be used to judge the adequacy of the model; in the ideal case, a graph resembles a normal distribution law and is bell-shaped.
Fig. 4. Diagram of distribution of residuals
Dependence between input and output data is shown in Fig. 5 .
Judging by the figure, one can conclude that the network captures the overall trend of the series.
Results of the cross-check are shown in Fig. 6 . The magnitude of accuracy of predicting the transportation is determined through the value of the mean absolute percent error (MAPE). The magnitude of accuracy of prediction is the notion directly opposite to a prediction error. If the error of prediction is large, then the accuracy is low and, vice versa, if the prediction error is small, then the accuracy is large. Comparison of the actual and predicted data of the examined freight transportation period is given in Table 1 . Speaking of high accuracy, we always talk about low error in prediction. Prediction error characterizes to some extent the accuracy of prediction procedure that was applied. The experiment revealed that the mean absolute percentage error of the volumes of transportation of grain and the products of flour mills over 8 months of 2016 was 5.56 %. Given that railway transport is a fairly inert system, MAPE indicator of 5.56 % is sufficient for making management decisions.
Railway transport system is quite inert. Making operational management decisions is difficult. That is why quality prediction is required in order to make tactical management decisions some time prior to occurrence of the event to ensure the industry operates effectively.
Given the projected level of freight traffic, it is possible to determine the required quantity of wagons of particular type that will conform to the conditions of transportation of the given cargo. Predictive values of indicators for the transportation of grain and the products of flour mills are given in Table 2 . Table 2 Predictive values of indicators for the transportation of grain and the products of flour mills Due to the prediction of the volumes of transportation over the next period, it is possible to find the optimal technology of freight traffic. The above predictive values of the indicators of cargo transportation were taken into account in subsequent calculations.
2. Formalization of the technology of management of railway wagons
Technology of the organization of cargo transportation should be based on the rational use of the rolling stock for the execution of the planned volumes of traffic. Making up a plan of allocation of railway wagons depends mainly on the number of wagons required for transportation. Another important parameter in planning is the location of railway wagons in a particular period of time.
Optimal technology of the organization of railway wagon flows implies minimization of operational costs for the transportation of cargo. When calculating a plan for the formation of trains and an operational plan for managing railway wagons, the basic criterion in the choice of railway wagon flows management is the minimal operating cost. However, the same approach to calculating the transportation plan for different kinds of cargo is not optimal. Therefore, in order to find the best variant to move the railway wagons, it is proposed to consider a parameter of transportation irregularity, or seasonality. The above studies have shown that the irregularity factor for different cargoes is disproportionate. Selection of the rational plan of distribution of wagons along a railway network is represented in the form of objective function:
where C is the cost of cargo transportation, UAH; x ij is the variable number of railway wagons that move from station i to station j; k is the irregularity factor of cargo transportation; δ l , δ em is the share of loaded wagons and empty wagons, respectively, that travel from station i to station j; l ij d , em ij d are the expenses related to the motion of loaded and empty wagons, respectively; ΔD is the specific cost due to the railway wagon flow that exceeds the mean value, UAH; Δx ij is the specific increase in the number of wagons transported from station i to station j.
We consider the following factors to be constraints: -constraints associated with the throughput of stations and sections
-constraints on the length of a freight train wagons is the required throughput of stations and sections, respectively, which is required for the execution of transportation plan, in trains; П is the number of trains that can be engaged in the distribution of railway wagons by destinations in a railway network. μ е (е) is the intensity of railway wagon flow on the e-th railway station; S is the number of stations that a train calls; L e is the length of dispatching tracks on the e-th station; t l is the time needed to load x ij railway wagons, h; t f is the time needed to form a train, h; t tr is the time the train needs to travel the distance to destination, h; T is the time of cargo delivery, h; a i is the volume of cargo in the i-th point of loading, t; q st is the average static railway wagon load, t/wagons.
The application on the network of railways of the result of solution to the proposed model enables a dispatcher -the one who handles wagons -to make rational management decisions. That is, to plan and carry out on time the distribution of railway wagons of a particular type depending on demand for freight wagons. This model takes into account both annual and monthly fluctuations in traffic. As well as loading of transportation vehicles and railway infrastructure. This technology makes it possible to take both longterm and operational decisions directly in the system of the organization of railway wagon flows.
In order to automate management decision-making by operational personnel on railway transport, we simulated organization of railway wagon flows using the software package "Graphic information system of a transportation network of railways TMkarta". The simulation was carried out on a virtual railway polygon. The problem on modeling was to build an optimal plan for the distribution of wagons on the calculation railway polygon, taking into account a predicted plan of irregularity in the transportation of appropriate cargoes. Graphic interpretation of the ordered set of variants to manage a railway wagon flow on the calculation railway polygon is shown in Fig. 7 . Fig. 7 . Graphic interpretation of the ordered set of variants to manage a railway wagon flow
The system of displacement of a railway wagon flow may be transferred from the initial state to the next by using transfer function S k (sequence of optimal management at each k-th step). Transfer function is determined by the assessment of technical, technological, operational and economic (cost) indicators.
A problem on choosing a technology to manage a wagon flow for a given railway network polygon is determined by a sequence of optimal management of the system
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In this case, a condition must be satisfied to maximize objective function W(ε) -the saving obtained as a result of the implementation of optimal plan of displacement of a wagon flow during operational planning, which can be represented as
where n is the number of steps of the system; ε is the set of stations along the path of a wagon displacement. Method of optimal displacement of a railway wagon flow in the railway polygon implies different variations of the formation of wagon flows (route dispatch, transverse, sectional, assembled trains) depending on the technological limitations of the system. The proposed system makes it possible to perform calculations for the polygons of any size and at arbitrary time of planning.
Discussion of results of simulation
Formation of phenomena under examination is always affected by a multitude of different factors. It should be noted that accuracy of a one-time prediction does not yield the same results during subsequent calculations. Full match or significant difference between the prediction and its implementation can be a consequence of particularly favorable or unfavorable circumstances. A one-time "good" forecast can be obtained based on a "bad model" and vice versa. However, the benefits of a neural network include the capability to learn. Consequently, the quality of predictions can be judged only when there is a set of comparisons between predictions and their implementation. Studies have shown that the devised predictive model using a neural network belongs to the high precision class. The experiment demonstrated that the mean absolute percentage error in transportation volume was 5.56 %. Such mathematical apparatus could be used for finding predictive data on railway transport.
Using the prediction of the volumes of transportation over a subsequent period, we proposed optimal technology of cargo transportation. The optimal technology of the organization of railway wagon flows implies minimization of operational costs for the transportation of cargo. In order to find the best variant for the displacement of railway wagons, we propose to consider a traffic irregularity factor, or seasonality.
To automate management decision-making by operational personnel of railway transport, we simulated organization of wagon flows using the software. The simulation was performed on the virtual railway polygon. Based on the aforementioned mathematical apparatus, we built optimal plan for the distribution of wagons on the estimated railway polygon, considering the projected plan of irregularity in the transportation of appropriate cargo.
In order to calculate wagon flows of the entire polygon of railways, a fundamentally new automated system to manage and distribute wagons is required.
Conclusions
1. We performed a time series analysis, which helped define the nature of series for different types of cargo. A non-stationarity of the system was established. The structure of time series of the volumes of transportation of grain and the products of flour mills clearly manifests a seasonal component. Irregularity factor amounted to 1.7. For building cargoes, the irregularity is almost absent. Irregularity factor for this case was 1.1. That is why, when calculating a cargo transportation plan, as well as during operational management of wagon flows, the irregularity in the transportation of each cargo should be taken into account.
2. With regard to the features of input information, we formed a neural network model for the prediction of volumes of transportation. This method of forecasting possesses considerable properties of adaptation to variable input data through self-learning. The magnitude of accuracy in predicting the transportation is determined using the value of mean absolute percent error that equaled 5.56 %. Given that railway transport is a fairly inert system, such indicator is sufficient for management decision-making.
3. We formalized technology of organization of railway wagon flows. To find the rational variant of displacing the wagons, we proposed to take into account irregularity factor, or seasonality. Optimality is accepted to be minimization of operational costs for the transportation of cargo. Based on the obtained data on transportation volumes, and by using the optimization model, we received a solution to the problem on optimal plan of the distribution of wagons on an estimated railway polygon. The procedure of wagon distribution is quite universal and makes it possible to adjust the plan of train formation in real time. The proposed model could be integrated into the automated working places of dispatcher -the one who handles wagons, and a train dispatcher, for making rational management decisions.
Introduction
Integration of Ukraine into the global economic system puts forward new requirements to the development and implementation of methods for the protection of economic interests of the state. Absolutely relevant is the need for achieving economic security when carrying out foreign trade operations.
An increase in the competitiveness and quality of transportation services for the economy should be promoted by the creation of sustainable, cost-effective system of transport and logistics.
Effective functioning of transportation sector at present is impossible without implementation of information and communication technologies, development of intelligent transport systems (ITS). ITS provide systemic changes
